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Sequestering of metals and other inorganic contaminants occurs most
frequently when they precipitate.

One possible strategy for overcoming the unavailability problem
is to add chemical agents that mobilize the contaminants, causing
them to move with the ground water. Such chemical agents are
already used at some sites to increase the efficiency of conventional
pump-and-treat ground water cleanup systems. However, their use
to facilitate bioremediation is more complex than their use for pump-
and-treat systems because the mobilizing agents not only affect the
physical properties of the contaminants but may also affect the activ-
ity of the microorganisms.

Organic contaminants can be mobilized by adding surfactants.
When only small surfactant concentrations are applied, the surfac-
tant molecules accumulate at solid surfaces, reduce the surface ten-
sion, and, in principle, increase the spreading of organic contami-
nants. This spreading might improve contaminant transfer to the
water and thereby accelerate bioremediation, but evidence is not clear
for actual subsurface conditions. When large concentrations of sur-
factant are added, the surfactant molecules join together in colloids,
called micelles. Organic contaminants dissolve into the micelles and
are transported with the water inside them. However, biodegrada-
tion usually is not enhanced by contaminant transfer into the mi-
celles because the true aqueous-phase concentration is not increased.

Metals can be mobilized by adding chemicals called complexing
agents, or ligands, to which the metals bond. The formation of metal-
ligand bonds dissolves precipitated metals, increasing their mobility.
However, the effectiveness of strong ligands, such as ethylene-
diaminetetraacetic acid (EDTA), in enhancing biodegradation is not
yet proven. One potential limitation of using ligands to mobilize
metals is that microbes may degrade the ligands, releasing the metals
and causing them to precipitate again.

In some cases, bacteria produce their own surfactants and ligands
that are useful in mobilizing trapped contaminants. In these cases
the main purpose of the microorganisms is to produce mobilizing
agents, not to biodegrade the contaminants. Bacterially mediated
mobilization makes trapped contaminants more accessible for cleanup
with pump-and-treat technology; it is potentially less costly than in-
jecting commercial surfactants.

Toxicity of Contaminants to the Organisms

Just as contaminant concentrations that are too low can compli-
cate bioremediation, high aqueous-phase concentrations of some con-